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(54) Water-based ink composition 

(57) A water-based ink composition comprising (A) 
an aqueous medium; (B) at least one colorant selected 
from the group consisting of (i) polymer particles com- 



prising a dye or pigment and a water-insoluble polymer, 
and (ii) a setf-dispersible pigment; and (C) a specific 
compound A. The water-based ink composition is used 
for inkjet printing. 
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D s ription 



[0001] The present invention relates to a water-based ink composition, and more specifically to a water-based ink 
composition which can be used for a water-based ink for inkjet recording. 

[0002] inkjet printing is carried out by directly jetting ink droplets from very fine nozzles, and depositing the ink droplets 
on a recording medium, to form characters or images. The inkjet printing is advantageous in that its printing device 
produces noise at a low level. Also, the inkjet printing is excellent in operability, facilitates coloration and enables to 
use plain paper as a recording medium. Therefore, the inkjet printing has been widely used in these years. 
[0003] The inks used for inkjet printers include water-based ink, oil-based ink and solid ink. The water-based ink, 
constituting the majority of inks, contains water as a main component, and a colorant such as a dye or pigment dis- 
persion, a moisturizing agent and a surfactant as an auxiliary for discharging ability and image quality. JP-A-60-32866 
and 4-239067 propose surfactants such as polyethylene glycol lauryl ether and polyoxyethylene nonylphenyl ether as 
an agent for improving drop directionality. 

[0004] However, when the surfactant is added to the water-based ink in an amount sufficient for improving drop 
directionality, there arise some defects in that the water-based ink is spread along with fibers constituting paper, thereby 
resulting in lowering of printed quality and printed density. 

[0005] An object of the present invention is to provide a water-based ink composition showing excellent water re- 
sistance and high-lighter fastness and high printed density, and more specifically a water-based ink composition having 
excellent discharging ability when the composition is used in a water-based ink for inkjet recording. 
[0006] According to the present invention, there is provided a water-based ink composition comprising: 

(D) an aqueous medium; 

(E) at least one colorant selected from (i) polymer particles comprising a dye or pigment and a water-insoluble 
polymer, and (ii) a self-dispersible pigment; and 

(F) at least one compound A selected from 
a compound represented by the formula (I): 



wherein each of R 1 , R2, R* R6 and R 7 is independently hydrogen atom, -C n H 2n+1 , or -C n H 2n O(CH 2 CHYO) m H, 
wherein Y is hydrogen atom or methyl group, m is a number of 0 to 20, and n is an integer of 1 to 6,; each of R 3 
and R 5 is independently a hetero atom, -C n H 2n -, wherein n is as defined above, or a divalent hydrocarbon group 
which may have a hetero atom; each of a, e and i is independently 0 or 1 ; each of b, f and j is independently a 
number of 0 to 30; each of c, g and k is independently an integer of 1 to 5; and each of d and h is independently 
0 or 1 , with proviso that the total number of -CH 2 CHYO- units per molecule is 1 to 1 00; 
a compound r pr s ntedbyth formula (II): 
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wherein R 8 is -(CH 2 CHYO) k -, wherein Y is as defined as above, and k is a number of 0 to 25; X is hydrogen atom, 
hydroxyl group, 

-CH 2 0(CH 2 CHYO) k H, -0(CH 2 CHYO) k H, or -OM, wherein Y and k are as defined as above, and M is an alkali 
*5 metal atom; and p is an integer of 2 to 7, with proviso that the total number of -CH 2 CHYO- units per molecule is 

1 to 100; and 

a compound represented by the formula (III): 
9 

ROHC XHCH 2 0(CH 2 CHYO)sH 

I I (HI) 

H(OCHYCH 2 )rOHCL ^CHO(CH 2 CHYO)tH 

25 CHO(CH 2 CHYO)uH 

wherein R 9 is hydrogen atom or -C q H 2q+1 , wherein q is an integer of 0 to 4; Y is as defined above; each of r, s, t 
and u is independently a number of 0 to 30, with proviso that the total number of -CH2CHYO- units per molecule 
30 is 1 to 100. 

[0007] The aqueous medium comprises water, or a mixture of water and a water-soluble organic solvent excluding 
the above polyalkoxyalkylene derivative. As water, deionized water is usually employed. As the water-soluble organic 
solvent, there can be used ethylene glycol, propylene glycol and glycerol, as disclosed in US-A-5,085,698. A preferable 
35 mixture of water and the water-soluble organic solvent can be determined in accordance with surface tension, viscosity 
and printed quality required. Examples of the mixture of water and the water-soluble organic solvent include a mixture 
of an alkyiene glycol having 2 to 6 carbon atoms and deionized water. 

[0008] At least one compound A selected from a compound represented by the formula (I), a compound represented 
by theformula (II), and a compound represented by theformuJa (III) improves discharging ability and shows high printed 
40 density. In the compound represented by the formula (I), the hetero atom nitrogen, sulfur, oxygen and phosphorus 
atoms. 

[0009] Examples of the compound represented by the formula (I) include glycerol, diglycerol, triglycerol, tetraglycerol, 
trimethylolethane, trimethylolpropane, trimethylolbutane, 1 ,2,6-hexanetriol, 2-ethyl-2-(hydroxymethyl)-1,3-propanedi- 
oL 2-methyl-2-(hydroxymethyl)-1 ,3-propanediol, pentaerythritol, erythritol, D-threitol, L-threitol, DL-threitol, adonitol, D- 
45 arabitol, L-arabitol, xylitol, dulcltol, L-idltol, D-mannitol, D-sorbltol and their adducts with an alkyiene oxide such as 
ethylene oxide and/or propylene oxide. 

[0010] Examples of commercially available ones include Liponic REG-1 and Liponic RSO-20 commercially available 
from Lipo Chemicals Co.; Paterson, NJ, U.S.A.; Photonol RPHO-7149 and Photonol PHO-7155 commercially available 
from Henkel Corporation, Ambler; PA, U.S.A.; Voronal R230-660 and Voronal R234-630 commercially available from 
so Dow Chemical Co.; Midland, Ml, U.S.A.; Formred RT-315, Fomrez RET-190 and Fomrez RET-250 commercially avail- 
able from Witco Corporation, Organics Division; New York, NY, U.S.A. 

[0011] Examples of the compound represented by the formula (II) include aldoses, ketoses, aldonic acids, soluble 
metal aldonates and polyalkoxyalkyiene derivatives thereof. Specific examples thereof include D-erythrose, L-eryth- 
rose, threose, arabinos , ribose, lyxose, xylose, glucose, mannose, altrose, talose, galactose, idose, gulose, and cor- 
55 r spondrng aldonic acids, nam ly D-gluconic acid, D-mannonic acid, D-altr nic acid, D-ailoic acid; soluble m tal aldo- 
nat s such as potassium gluconate and their adducts with an alkyl ne oxide such as ethylene oxide and/or propylene 
oxide, 

[0012] Examples of the compound represented by the formula (III) include alkyiene oxide such as ethylene oxide 



3 



4SDOCID: <EP 115B030A2_L> 



I 



EP1 158 030 A2 



and/or propylene oxide adducts of glucose, a-methylglucosid , and p-methyl-D-alloside. 

[0013] Each of the compounds represented by the formulas (I) to (III) can be used alone or in admixture. 

[0014] The total number of -CH 2 CHYO- units in the compound A is 1 to 1 00. The total number of -CH 2 CHYO- units 

is preferably 6 to 80, more preferably 10 to 40, from the viewpoints of discharging ability and printed density. It is 

preferable that the total number of -CH2CHYO- units is not less than 1, from th viewpoints of obtaining excellent 

discharging ability and high printed density, which are characteristics in the present invention, and that the total number 

of-CH 2 CHYO- units is not more than 100, from the viewpoint of giving a water-based ink composition appropriate 

viscosity. 

[001 5] In order to improve the discharging ability of the water-based ink composition, it is desired to use a compound 

A, the surface tension of which is 40 to 70 mN/rn, preferably 50 to 70 mN/m in a 10% by weight aqueous solution. 
[001 6] The content of the compound A in the water-based ink composition is not limited to specified ones. It is desired 
that the content is 0.1 to 50% by weight, preferably 0.5 to 25% by weight, more preferably 1 to 10% by weight. It is 
preferable that the content of the compound A is not less than 0.1% by weight, from the viewpoint of giving a water- 
based ink composition a good balance of viscosity, discharging ability, and printed qualities such as printed density 
and sharpness in image quality, and that the content is not more than 50% by weight, from the viewpoint of giving a 
water-based ink composition appropriate viscosity. 

[001 7] For the purposes of further Improving discharging ability and image quality, the water-based Ink composition 
may contain at least one compound B selected from a compound represented by the formula (IV): 

R 10 O-(CH 2 CHYO) v -H (IV) 

wh rein Y is as defined above; R 10 is hydrogen atom, or a saturated or unsaturated monovalent hydrocarbon group 
having 1 to 8 carbon atoms which may have a hetero atom; and v is a number of 1 to 100; a compound represented 
by the formula (V): 

H(OCHYCH 2 ) w -0-R 11 0-(CH 2 CHYO) K -H (V) 

wherein Y is as defined above; R 11 is CyH^., or a saturated or unsaturated divalent hydrocarbon group having 3 to 
1 0 carbon atoms which may have a hetero atom, wherein y is an integer of 3 to 1 0; and each of w and x is independently 
a number of 1 to 99, with proviso that the total number of -CH 2 CHYO- units per molecule is 2 to 100; and a compound 
represented by the formula (VI): 

R 12 -(OCHYCH 2 ) w -0-R 11 0-(CH 2 CHYO) x -H (VI) 

wherein R 11 , Y, w and x are as defined above; and R 12 is a saturated or unsaturated monovalent hydrocarbon group 
having 1 to 8 carbon atoms which may have a hetero atom, with proviso that the total number of -CH 2 CHYO- units per 
molecule is 1 to 100. 

[001 8] Examples of the compound represented by the formula (IV) include monomethoxy-, monoethoxy-, mono(iso) 
propoxy-, mono(iso)butoxy- and monophenoxyethylene oxide/propylene oxide copolymers (number of ethylene oxide 
units: 5 to 30, number of propylene oxide units: 0 to 5). 

[0019] Examples of the compound represented by the formula (V) include ethylene oxide/propylene oxide copolymers 
(number of ethylene oxide units: 5 to 30, number of propylene oxide units: 0 to 5) of (iso)propylene glycol, di(iso) 
propylene glycol, (iso)butylene glycol, 1 ,3-phenylene glycol, and 1,4-phenylene glycol. 

[0020] Examples of the compound represented by the formula (VI) include those obtained by etherifying an ethylene 
oxide/propylene oxide copolymer (number of ethylene oxide units: 5 to 30, number of propylene oxide units: 0 to 5) of 
(iso)propylene glycol, dl(iso)propylene glycol, (iso)butylene glycol, 1 ,3-phenylene glycol or 1 ,4-phenylene glycol with 
methyl, ethyl, (iso)propyl, (iso)butyl or phenyl at its terminal. 

[0021] In order to improve the discharging ability of the water-based ink composition, it is desired to use a compound 

B, th surface tension of which is 40 to 70 mN/m, preferably 50 to 70 mN/m in a 10% by weight aqueous solution. 
[0022] The compound B gives a smaller effect of printed density than that of the compound A. However, when the 
compound B is mixed with the compound A, th discharging ability can b improved without the low ring of print d 
density in many cas s. Therefore, it is preferabl to use the compound A togeth r with the compound B. 

[0023] The content of th compound B in the water-bas d ink composition is not limited to sp erf i d ones. It is desir d 
that the content is 0.1 to 50% by weight, preferably 0.5 to 25% by weight, more preferably 1 to 10% by weight. It is 
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preferable that the content of the compound B is not less than 0.1% by weight, from the viewp int of giving a wat r- 
based ink composition a good balance of viscosity, discharging ability, and printed qualities such as printed density 
and sharpness in image quality, and that the content is not more than 50% by weight, from the viewpoint of giving a 
water-based ink composition appropriate viscosity. 

s [0024] As the colorant, there can be used at least one member selected from the group consisting of (i) polymer 
particles comprising a dye or pigment and a water-insoluble polymer, and (ii) a self-dispersible pigment. 
[0025] The polymer particles comprising a dye or pigment and a water-insoluble polymer are very effective for im- 
parting water resistance and high-lighter fastness to printed matters, and the self-dispersible pigment is effective for 
increasing printed density. These colorants can be selected according to their purposes. Also, those colorants can be 

io used in admixture. 

[0026] The dye which can be contained in the polymer particles is not limited to specified ones. Among them, a 
hydrophobic dye is preferable. Examples of the hydrophobic dye include oil dyes, disperse dyes and basic dyes. Among 
them, the oil dyes and the disperse dyes are preferable, since they can be favorably contained in the polymer particles. 
[0027] The oil dyes are not limited to specified ones. The oil dyes include, for instance, C. I. Solvent Black 3, 7, 27, 
15 29, 34; C. I. Solvent Yellow 14, 16, 29, 56, 82; C. I. Solvent Red 1 , 3, 8, 18, 24, 27, 43, 51 , 72, 73; C. I. Solvent Violet 
3; C.I. Solvent Blue 2, 11 , 70; C. I. Solvent Green 3, 7; and C. I. Solvent Orange 2. 

[0028] The disperse dyes are not limited to specified ones. Preferred examples include C. I Disperse Yellow 5, 42, 
54, 64, 79, 82, 83, 93, 99, 100, 119, 122, 124, 126, 160, 184:1, 186, 198, 199, 204, 224, 237; C. I. Disperse Orange 
13, 29, 31:1, 33, 49, 54, 55, 66, 73, 118, 119, 163; C. I. Disperse Red 54, 60, 72, 73, 86, 88, 91, 93, 111, 126, 127, 
20 134, 135, 143, 145, 152, 153, 154, 159, 164, 167:1, 177, 181,204, 206, 207, 221,239, 240, 258,277,278,283, 311, 
323, 343, 348,356, 362; C. I. Disperse Violet 33; C. I. Disperse Blue 56, 60, 73, 87, 113, 128, 143, 148, 154, 158, 165, 
165:1, 165:2, 176, 183, 185, 197, 198,201,214,224, 225,257, 266,267, 287,354, 358, 365, 368; and C. I. Disperse 
Green 6:1, 9. 

[0029] It is desired that the hydrophobic dye can be dissolved in an organic solvent in a concentration of not less 
25 than 2 g/L, preferably 20 to 500 g/L, from the viewpoint of efficiently encapsulating the hydrophobic dye into the polymer 
particles described below. 

[0030] Also, the pigment which can be contained in the polymer particles is not limited to specified ones, and any 
kinds of known inorganic pigment or organic pigments can be used. Also, an extender can be used together with the 
pigment, as occasion demands. The inorganic pigment includes carbon black, metal oxides, metal sulfides and metal 

30 chorides. Among them, carbon black is preferable for a black water-based ink composition. The carbon black includes 
furnace black, lamp black, acetylene black and channel black. The organic pigment includes azo pigments, diazo 
pigments, phthalocyanine pigments, quinacridone pigments, isoindolinone pigments, dioxazine pigments, perylene 
pigments, perinone pigments, thioindigo pigments, anthraquinone pigments and quinophthalone pigments. The ex- 
tender includes silica, calcium carbonate and talc. 

35 [0031] The water-insoluble polymer used in the aqueous dispersion of polymer particles comprising a hydrophobic 
dye or pigment includes vinyl polymers, ester-based polymers and urethane-based polymers. Among these polymers, 
the vinyl polymers are preferable. 

[0032] As the aqueous dispersion of the vinyl polymer particles, it is desirable to use an aqueous dispersion of vinyl 
polymer particles containing a pigment and a vinyl polymer prepared by copolymerizing a monomer mixture comprising 
40 (a) a monomer having a salt-forming group, (b) a macromer and (c) a monomer copolymerizable with the monomer 
having a salt-forming group and the macromer. 

[0033] The component (a) includes cationic monomers, anionic monomers, and the like. Examples of the component 
(a) include those described in 

[0034] JP-A-9-286939, , page 5, column 7, line 24 to column 8, line 29, and the like. 
45 [0035] Representative examples of the cationic monomer include tertiary amine-contalning unsaturated monomers 
and ammonium salt-containing unsaturated monomers. Among them, N,N-dlmethylamlnoethyl (meth)acrylate, N-(N\ 
N'-dimethylaminopropyl) (meth)acrylamide and vinylpyrrolidone are preferable. 

[0036] Representative examples of the anionic monomer include unsaturated carboxylic acid monomers, unsaturat- 
d sulfonic acid monomers and unsaturated phosphoric acid monomers. Among them, the unsaturated carboxylic acid 
so monomers such as acrylic acid and methacrylic acid are preferable. 

[0037] The component (b) includes macromers having a polymerizable unsaturated group and a number-average 
molecular weight of 500 to 100000, preferably 1000 to 10000. Among them, a silicone macromer represented by the 
formula (VIII): 

xV^SKR 16 )^ 1 ^ (VIII) 
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wherein X 1 is a polymerizable unsaturated group; Y 1 is a divalent group; each of is independently hydrog n atom, 
a lower alkyl group, an aryl group or an alkoxy group; Z 1 is a monovalent siloxane polymer residue having a number- 
average molecular weight of not less than 500; q 1 is 0 or1 ; and r is an integer of 1 to 3, 
and a styrenic macromer having a polymerizable functional group at one end are preferable. 

[0038] The numb r-average mol cular weight of the component (b) is determined by gel chromatography using 
polystyrene as a standard substance and chloroform containing 1 mmol/L of dodecyldimethylamine as a solvent. 
[0039] The silicone macromer can be favorably used from the viewpoint of preventing scorching on printer heads of 
Inkjet printers. 

[0040] I n the silicone macromer represented by the formula (VIII), X 1 includes a monovalent unsaturated hydrocarbon 
group having 2 to 6 carbon atoms, such as CH 2 = CH- group and CH 2 = C(CH 3 )- group. Y 1 includes divalent groups 
such as -COO- group, a -COOC a1 H 2a1 - group, wherein a, is an integer of 1 to 5, and phenylene group. Among them, 
-COOC 3 H 6 - is preferable. R 16 includes hydrogen atom; a lower alkyl group having 1 to 5 carbon atoms, such as methyl 
group and ethyl group; an aryl group having 6 to 20 carbon atoms, such as phenyl group; an alkoxy group having 1 to 
20 carbon atoms, such as methoxy group. Among them, methyl group is preferable. Z 1 is preferably a monovalent 
dimethylsiloxane polymer residue having a number-average molecular weight of 500 to 5000. q, is 0 or 1 , and preferably 
1 . r, is an integer of 1 to 3, and preferably 1 . ' 

[0041] Representative examples of the silicone macromer include a silicone macromer represented by the formula 
(VIII-1): 



CH 2 = CR 17 -COOC 3 H 6 -[Si(R 18 ) 2 -0] b1 -Si(R 18 ) 3 (VIII-1) 

wherein R 17 is hydrogen atom or methyl group; each of R 18 is independently hydrogen atom or a lower alkyl group 
having 1 to 5 carbon atoms; and b A is a number of 5 to 60; a silicone macromer represented by the formula (VIM-2): 

CH 2 = CR 17 -COO-[Si(R 18 ) 2 -0] b1 -Si(R 18 ) 3 (VIM-2) 

wh rein R 17 , R 18 and b 1 are as defined above; 

a silicone macromer represented by the formula (VIII-3): 

CH 2 = CR 17 -Ph-[Si(R 18 ) 2 -0] b1 -Si(R 1B ) 3 (VIII-3) 

wherein Ph is phenylene group; and R 17 , R 18 and b n are as defined above; and a silicone macromer represented by 
the formula (VIII-4): 



CH 2 = CR 17 -COOC 3 H 6 -SI(OE) 3 (VIII-4) 

wherein R 17 is as defined above; E is an -[Si(R 17 ) 2 0] c1 -Si(R 17 ) 3 group, wherein R 17 is as defined above; and c, is a 
number of 5 to 65. 

[0042] Among them, the silicone macromer represented by the formula (VIII-1 ) is preferable, and a silicone macromer 
represented by the formula (VIII-1 a): 



CH 2 = C(CH 3 )-COOC 3 H 6 -[Si(CH 3 ) 2 -0] d1 -CH 3 (Vlll-1a) 

wherein d., is a number of 8 to 40, 

is particularly preferable. Examples of the silicone macromer include a silicone macromer commercially available from 
CHISSO CORPORATION under the trade name of FM-0711 . 

[0043] The styrenic macromer can be favorably used, since the pigment can be sufficiently contained in the vinyl 
polymer. 

[0044] The styrenic macrom r includes styr ne homopolym rs having a polymerizabl functional group at on end, 
and copolym rs of styrene with other monom rs. Among them, those having acryloyloxy group or methacryloyloxy 
group as a polym rizabl functional group at one nd ar preferable. It is d sired that th content of styr ne in the 
copolym r is not less than 60% by weight, preferably not less than 70% by weight, since the pigment can be sufficiently 
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contained in the vinyl polymer. The other monomer includes acrylonitrile 

[0045] The component (c) includes (meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate, (Iso)propyl 
(meth)acrylate, (iso)butyl (meth)acrylate, tert-butyl (meth)acrylate, (iso)amyl (meth)acrylate, cyclohexyl (meth)acrylate, 
benzyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, (iso)octyl (meth)acrylate, (Iso)decyl (meth)acrylate, (iso)dodecyl 
s (meth)acrylate and (iso)stearyl (meth)acrylate; and styrenic monomers such as styrene, vinyltoluene, 2-methylstyrene 
and chlorostyrene. These can be used alone or in admixture of at least two kinds. Incidentally, (iso- or tertiary-) and 
(iso) mentioned above include both cases where these groups are present and where they are absent. In the case 
where these groups are absent, each of the listed compounds has a normal form. 

[0046] It is preferable that the component (c) contains a styrenic monomer from the viewpoint of giving a water-based 
10 ink composition improved printed density and high-lighter fastness. As the styrenic monomer, styrene and 2-methyl- 
styrene are preferable. These styrenic monomers can be used alone or in admixture thereof. It is desired that the 
content of the styrenic monomer in the component (c) is 1 0 to 1 00% by weight, preferably 40 to 1 00% by weight, from 
the viewpoints of giving a water-based ink composition improved printed density and high-lighter fastness. 
[0047] The monomer mixture may contain at least one monomer selected from the group consisting of (d) a hydroxyl 
15 group-containing monomer [hereinafter referred to as component (d)], and (e) a monomer represented by the formula 
(VII): 



20 



CH 2 = C(R 13 )COO(R U ) p1 R 15 (VII) 



wherein R 13 is hydrogen atom or a lower alkyi group; R 14 is a divalent hydrocarbon group having 1 to 30 carbon atoms 
which may have a hetero atom; R 15 is hydrogen atom or a monovalent hydrocarbon group having 1 to 30 carbon atoms 
which may have a hetero atom; and p 1 is a number of 1 to 60 [hereinafter referred to as component (e)]. 
[0048] The component (d) includes 2-hydroxyethyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate, polyethylene gly- 
25 col(n=2 to 30) (meth)acrylate and polyfethylene glycol(n=1 to 1 5)-propylene glycol(n=1 to 15)) (meth)acrylate. 
[0049] Among them, 2-hydroxyethyl (meth) aery late is preferable. 

[0050] The component (e) increases the jetting stability of the water-based ink composition of the present invention, 
and suppresses the generation of crookedness even when continuous printing is carried out. 

[0051] In the formula (VI I), R 13 is hydrogen atom or a lower alkyl group. The lower alkyl group includes an alkyl group 
30 having 1 to 4 carbon atoms. 

[0052] R u is a divalent hydrocarbon group having 1 to 30 carbon atoms which may have a hetero atom. The hetero 
atom includes, for instance, nitrogen atom, oxygen atom, a halogen atom and sulfur atom. 

[0053] Representative examples of R 14 include an aromatic ring having 6 to 30 carbon atoms which may have a 

substituent; a heterocyclic ring having 3 to 30 carbon atoms which may have a substituent; and an alkyiene group 
35 having 1 to 30 carbon atoms which may have a substituent. These rings or groups can be used in admixture of at least 

two kinds. The substituent includes an aromatic ring having 6 to 29 carbon atoms, a heterocyclic ring having 3 to 29 

carbon atoms, an alkyl group having 1 to 29 carbon atoms, halogen atoms and amino groups. 

[0054] Preferred examples of R 14 include a phenylene group which may have a substituent of 1 to 24 carbon atoms; 

an aliphatic alkyiene group having 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms; an aromatic ring-containing 
40 alkyiene group having 7 to 30 carbon atoms; and a heterocyclic ring-containing alkyiene group having 4 to 30 carbon 

atoms. 

[0055] Preferred examples of the R 14 O group include an alkyiene oxide group having 2 to 7 carbon atoms such as 
ethylene oxide group, (iso)propylene oxide group, tetramethylene oxide group, heptamethylene oxide group, hexam- 
ethylene oxide group and a combination thereof; and phenylene oxide group. 
45 [0056] R 15 is a monovalent hydrocarbon group having 1 to 30 carbon atoms which may have a hetero atom. The 
hetero atom includes, for instance, nitrogen atom, oxygen atom and sulfur atom. 

[0057] Representative examples of R 15 include an aromatic ring having 6 to 30 carbon atoms which may have a 
substituent; a heterocyclic ring having 3 to 30 carbon atoms which may have a substituent; or an alkyl group having 1 
to 30 carbon atoms which may have a substituent. The substituent includes an aromatic ring having 6 to 29 carbon 
50 atoms, a heterocyclic ring having 4 to 29 carbon atoms, halogen atoms and amino groups. 

[0058] Preferred examples of R 15 include phenyl group, an aliphatic alkyl group having 1 to 30 carbon atoms, pref- 
rably 1 to 20 carbon atoms, an aromatic ring-containing alkyl group having 7 to 30 carbon atoms, and a heterocyclic 
ring-containing alkyl group having 4 to 30 carbon atoms. 

[0059] More pr ferr d examples of R 15 includ alkyl groups having 1 to 6 carbon atoms, such as methyl group, ethyl 
55 group, (iso)propyl group, (iso)butyl group, (iso)p ntyl group and (iso)hexyl group and ph nyl groups. 
[0060] p 1 is a number of 1 to 60. p is pr ferably a numb r of 1 to 30. 

[0061] Concrete examples of the component (e) includ methoxypolyethylene glycol (1 -30: showing the value of p 1 
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in the formula (VII), h reinafter referred to th same) (meth)acrylates, meth xypolytetram ethylene glycol (1 -30) (meth) 
acrylates, ethoxypolyethylene glycol (1-30) (meth) aery lates, (iso)propoxypolyethylene glycol (1-30) (meth)acrylates, 
butoxypolyethylene glycol (1-30) (meth)acry lates, methoxypolypropylene glycol (1-30) (meth)acrylates, methoxy(eth- 
ylene glycol-propylene glycol copolymer) (1-30, out of which ethylene glycol: and 1-29) (meth)acrylates. Those mon- 
omers can be used alone or in admixture of at least two kinds. Among them, methoxypoly ethylene glycol (1 -30) (meth) 
acrylates are preferable. The term "(meth)acrylate" as referred to herein is intended to mean acrylate or methacrylate. 
Also, the term "(iso)propoxy" is intended to mean n-propoxy or isopropoxy. 

[0062] It is desired that the content of the component (a) in the vinyl polymer is 1 to 50% by weight, preferably 2 to 
40% by weight, from the viewpoint of dispersion stability of the dispersion obtained. 

[0063] It is desired that the content of the component (b) in the vinyl polymer is 1 to 25% by weight, preferably 5 to 
20% by weight, from the viewpoint of suppression of scorching on heater surface of inkjet printer and stability. 
[0064] It is desired that the content of the component (c) in the vinyl polymer is 5 to 93% by weight, preferably 1 0 to 
80% by weight, from the viewpoint of suppression of scorching on heater surface of inkjet printer, and stability. When 
the component (c) comprising a styrenic monomer is used, the content of the component (c) in the vinyl polymer is 
preferably 1 0 to 60% by weight. 

[0065] It is desired that the content of the component (d) in the vinyl polymer is 5 to 40% by weight, preferably 7 to 
20% by weight, from the viewpoints of jetting stability and printed density. It is desired that the total content of the 
component (a) and the component (d) is 6 to 60% by weight, preferably 10 to 50% by weight, from the viewpoints of 
stability in water and water resistance. 

[0066] It is desired that the content of the component (e) in the vinyl polymer is 5 to 50% by weight, preferably 1 0 to 
40% by weight, from the viewpoints of jetting stability and dispersion stability. 

[0067] It is preferable that the total content of the component (a) and the component (e) in the vinyl polymer is 6 to 
75% by weight, from the viewpoints of dispersion stability in water and jetting stability. 

[0068] In addition, it is desired that the total content of the component (a), the component (d) and the component (e) 
in th vinyl polymer is 6 to 60% by weight, preferably 7 to 50% by weight, from the viewpoints of dispersion stability in 
water and jetting stability. 

[0069] The vinyl polymer can be prepared by copoiymerizing the monomer mixture by means of a known polymeri- 
zation method such as bulk polymerization, solution polymerization, suspension polymerization, or emulsion polymer- 
ization. Among these polymerization methods, solution polymerization method is preferable. 

[0070] The solvent used in the solution polymerization method is preferably a polar organic solvent, and a water- 
miscible organic solvent can also be used by mixing with water. The organic solvent includes, for instance, an aliphatic 
alcohol having 1 to 3 carbon atoms, such as methanol, ethanol and propanol; ketones such as acetone and methyl 
ethyl ketone and esters such as ethyl acetate. 

[0071] Among them, methanol, ethanol, acetone, methyl ethyl ketone, or a liquid mixture thereof with water is pref- 
erable. 

[0072] A radical polymerization initiator can be used during the polymerization. As the radical polymerization initiator, 
azo compounds such as 2,2 , -azobisisobutyronitrile, 2,2 , -azobis(2,4-dimethylvaleronitrile), dimethyl-2,2'-azobisbu- 
tyrate, 2,2 , -azobis(2-methylbutyronitrile), and 1 ,r-azobis(1-cyclohexanecarbonitrile) are preferable. In addition, organ- 
ic peroxides such as tert-butyl peroxyoctoate, di-tert-butyl peroxide and dibenzoyl oxide can be used as a radical 
polymerization initiator. 

[0073] It is preferable that the amount of the polymerization initiator is 0.001 to 5% by mol, particularly 0.01 to 2% 
by mol of the monomer mixture. 

[0074] During the polymerization, a polymerization chain transfer agent can be used. Concrete examples of the 
polymerization chain transfer agent include mercaptans such as octyl mercaptan, n-dodecyl mercaptan, tert-dodecyl 
mercaptan, n-tetradecyl mercaptan and mercaptoethanol; xanthogenndisulfides such as dimethyl xanthogenndisulflde 
and diisopropyl xanthogenndisulflde; thiuram disulfides such as tetramethyl thiuram disulfide and tetrabutyl thluram 
disulfide; halogenated hydrocarbons such as carbon tetrachloride and ethylene bromide; hydrocarbons such as pen- 
taphenylethane; unsaturated cyclic hydrocarbon compounds such as acrolein, methacrolein, alryl alcohol, 2-ethylhexyl 
thioglycolate, terpinolene, a-terpinene, y-terpinene, diterpene, a-methylstyrene dimer, 9,10-dihydroanthracene, 1 ,4-di- 
hydronaphthalene, indene and 1,4-cyclohexadiene; and unsaturated heterocyclic compounds such as 2,5-dihydro- 
furan. Those can be used alone or in admixture of at least two kinds. 

[0075] The conditions for polymerizing the monomer mixture differ depending upon kinds of the radical polymerization 
initiator, monomer and the solvent. It is preferable that the polymerization temperature is usually 30° to 100°C, pref- 

rably 50° to 80°C, and that the polymerization tim p riod is usually 1 to 20 hours. In addition, it is pr ferable thatth 
polymerization atmosphere is an inert gas such as nitrogen gas. 

[0076] After t rmination of the polymerization reaction, the resulting copolymer can be isolated from the reaction 
solution by a known method such as re-precipitation or distilling off of the solvent. The copolymer can be purified by 
e.g. the removal of unreacted monomers by the repeat of re-precipitation, membrane separation, chromatography or 



8 



EP 1 158 030 A2 



extraction. 

[0077] It is preferable that the weight-average molecular weight of the polymer is 3000 to 1 00000, from the viewpoints 
of durability after printing and disp rsion stability. 

[0078] The aqueous dispersion of the polymer particles containing the hydrophobic dye can be prepared by a known 
5 emulsification process. For instance, the aqueous dispersion can be obtained by dissolving a polymer and a hydro- 
phobic dye in an organic solvent, adding a neutralizing agent as occasion demands to ionize a salt-forming group in 
the polymer, adding water to the resulting mixture, thereafter emulsifying with a dispersion device or a sonication 
emulsifier as occasion demands and distilling off the organic solvent to phase-invert to a water-based system. 
[0079] In addition, as a process for preparing an aqueous dispersion of the polymer particles containing a pigment, 
10 it is preferable to employ a process comprising dissolving a polymer in an organic solvent; adding a pigment, water 
and a neutralizing agent, and a surfactant as occasion demands to the resulting solution; kneading the mixture to form 
a paste; thereafter diluting the resulting paste with water as occasion demands; and distilling off the organic solvent 
from the mixture to give an aqueous dispersion. 

[0080] It is preferable that the amount of the hydrophobic dye or pigment in the polymer particles is 20 to 400 parts 
*5 by weight, based on 100 parts by weight of solid contents of the polymer, from the viewpoints of printed density and 
facilitation of containing the hydrophobic dye or pigment into the polymer particles. 

[0081] In addition, as an aqueous dispersion of pigments, a self-dispersible pigment can also be preferably used for 
the purpose of increasing printed density. The self-dispersible pigment includes, for instance, a self-dispersible carbon 
black commercially available Irom Cabot Corporation under the trade name of Cabo-Jet 200, in which of carbon black 
20 js dispersed and stabilized without a dispersant, and the like. 

[0082] The polymer particles comprising a dye or pigment and a water-insoluble polymer are more preferable than 
the self-dispersible pigment from the viewpoints of water resistance and high-lighter fastness. 

[0083] It is preferable that the particle diameters of the polymer particles comprising the dye or pigment and the self- 
dispersible pigment are 0.01 to 0.5 urn, from the viewpoint of dispersion stability. 

25 [0084] The content of the colorant in the water-based ink composition is not limited to specified ones, as long as 
sufficient printed density can be obtained. It is desired that the content is usually 1 to 30% by weight, preferably 2 to 
1 0% by weight, more preferably 4 to 8% by weight, from the viewpoints of giving a water-based ink composition sufficient 
. jetting stability and printed density. 
[0085] The water-based ink composition of the present invention may contain various kinds of known additives, for 

30 instance, a wetting agent such as a polyhydric alcohol, a dispersant, a defoaming agent, a mildewproof agent, a chelat- 
ing agent and a pH adjusting agent. 

EXAMPLES 

35 Preparation Example (Colorant: Preparation of Aqueous Dispersion of Polymer Particles Containing Carbon Black) 
(1) Preparation of Water-Insoluble Polymer 
(1-1) Preparation of Anionic Polymer Solution 

40 

[0086] The atmosphere of a one-liter flask equipped with a mechanical stirrer, a thermometer, a nitrogen inlet tube, 
a reflux condenser and a dropping funnel was sufficiently replaced with nitrogen gas. Thereafter, the flask was charged 
with 11 .2 g of styrene, 2.8 g of acrylic acid, 12.0 g of lauryl methacrylate, 4.0 g of methoxypolyethylene glycol (n = 9) 
methacrylate, 4.0 g of a styrene macromer (commercially available from TOAGOSEI CO., LTD., under the trade name 

45 of "AS-6") and 0.4 g of mercaptoethanol, and the temperature was raised to 65°C. 

[0087] Next, a mixed solution of 100.8 g of styrene, 25.2 g of acrylic acid, 1 08.0 g of lauryl methacrylate, 36.0 g of 
methoxypolyethylene glycol (n = 9) methacrylate, 60.0 g of hydroxyethyl methacrylate, 36.0 g of a styrene macromer 
(commercially available from TOAGOSEI CO., LTD., under the trade name of "AS-6 B ), 3.6 g of mercaptoethanol, 2.4 
g of azobisdimethylvaleronitrile and 1 8 g of methyl ethyl ketone was added dropwise to the flask over a period of 2.5 

so hours. 

[0088] After the termination of the dropwise addition, a mixed solution of 0.8 g of azobisdimethylvaleronitrile and 18 
g of methyl ethyl ketone was added dropwise to the flask over a period of 0.5 hours. After the mixture was matured at 
65°C for 1 hour, 0.8 g of azobisdimethylvaleronitrile was added thereto, and the mixture was matured for additional 
one hour. 

55 [0089] Aft r th t rmination of th r action, 364 g of methyl thyl keton was added to the flask, to give 800 g of a 
polymer solution, the concentration of which was 50% by weight. 

[0090] A part of the resulting c p lymer solution was isolated by drying it at 1 05°C for 2 hours under reduced pressure 
to r move the solvent. Theweight-averag molecular weight was determined by gel p rmeation chromatography using 
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polystyrene as a standard substance, and chloroform containing 1 mmoi/L of dodecyldimethylamine as a solvent. As 
a result, the weight-average molecular weight was 28000. 

(1-2) Preparation of Cationic Polymer Solution 

[0091] The atmosphere of a one-liter flask equipped with a mechanical stirrer, a thermometer, a nitrogen inlet tube, 
a reflux condenser and a dropping funnel was sufficiently replaced with nitrogen gas. Thereafter, the flask was charged 
with 50.0 g of styrene, 12.0 g of lauryl meth aery late, 40.0 g of N,N-dimethylaminoethyl methacrylate, 60.0 g of meth- 
oxypolyethylene glycol (n = 4) methacrylate, 20.0 g of a styrene macromer (commercially available from TOAGOSEI 
CO., LTD., under the trade name of AS-6°) and 0.8 g of mercaptoethanol, and the temperature was raised to 65°C. 
[0092] Next, a mixed solution of 40.0 g of styrene, 20.0 g of lauryl methacrylate, 60.0 g of N,N-dimethylaminoethyl 
methacrylate, 70.0 g of methoxypolyethylene glycol (n = 4) methacrylate, 20.0 g of a styrene macromer (commercially 
available from TOAGOSEI CO., LTD., under the trade name of "AS-6"), 7.2 g of mercaptoethanol, 2.4 g of azobis- 
dimethylvaleronitrile and 1 B g of methyl ethyl ketone was added dropwise to the flask over a period of 2.5 hours. 
[0093] After the termination of the dropwise addition, a mixed solution of 0.8 g of azobisdimethyrvaleronitrile and 18 
g of methyl ethyl ketone was added dropwise to the flask over a period of 0.5 hours. After the mixture was matured at 
65°C for 1 hour, 0.8 g of azobisdimethyrvaleronitrile was added thereto, and the mixture was matured for additional 
one hour. After the termination of the reaction, 364 g of methyl ethyl ketone was added to the flask, to give 800 g of a 
polymer solution, the concentration of which was 50% by weight. 

[0094] A part of the resulting copolymer solution was isolated by drying it at 1 05°C for 2 hours under reduced pressure 
to remove the solvent. The weight-average molecular weight was determined by gel permeation chromatography using 
polystyrene as a standard substance, and tetrahydrofuran as a solvent. As a result, the weight-average molecular 
weight was 1 5000. 

(2) Preparation of Aqueous Dispersion of Polymer Particles Containing Carbon Black 

(2-1) Preparation of Aqueous Dispersion of Polymer Particles Containing Anionic Carbon Black 

[0095] Twenty-eight grams of the polymer solution obtained in item (1 -1 ) above, 20 g of carbon black (commercially 
available from Cabot Corporation, under the trade name of "Monarch 880"), 13.6 g of a 1 mol/L aqueous potassium 
hydroxide, 20 g of methyl ethyl ketone and 30 g of ion-exchanged water were sufficiently stirred. Thereafter, the mixture 
was kneaded 20 times using a triple roller mill (commercially available from NORITAKE CO. : LIMITED, under the trade 
name of "NR-84A"), to give a paste. 

[0096] The resulting paste was added to 200 g of ion-exchanged water and the mixture was sufficiently stirred. 
Thereafter, methyl ethyl ketone and water were distilled off using an evaporator, to give 1 60 g of an aqueous dispersion 
of polymer particles containing anionic carbon black, the solid content of which was 20.0% by weight. The average 
particle diameter of the polymer particles was determined by using a COULTER N4 (trade name, commercially available 
from Coulter, Inc.). As a result, the average particle diameter was 110 nm. 

(2-2) Preparation of Aqueous Dispersion of Polymer Particles Containing Cationic Carbon Black 

[0097] Twenty-eight grams of the polymer solution obtained in item (1-2) above, 1 6 g of carbon black (commercially 
available from Cabot Corporation, under the trade name of "Monarch 880"), 11.1 g of a 1 mol/L aqueous acetic acid, 
20 g of methyl ethyl ketone and 30 g of ion-exchanged water were sufficiently stirred. Thereafter, the mixture was 
kneaded 20 times using a triple roller mill (commercially available from NORITAKE CO., LIMITED, under the trade 
name of "NR-84A"), to give a paste. 

[0098] The resulting paste was added to 200 g of ion-exchanged water and the mixture was sufficiently stirred. 
Ther after, methyl ethyl ketone and water were distilled off using an evaporator, to give 1 60 g of an aqueous dispersion 
of polymer particles containing cationic carbon black, the solid content of which was 20.0% by weight. The average 
particle diameter of the polymer particles was determined by using a COULTE R N4 (trade name, commercially available 
from Coulter, Inc.). As a result, the average particle diameter was 138 nm. 

(3) Preparation of Aqueous Dispersion of Polymer Particles Containing Oil Black 

[0099] Twenty grams of methyl ethyl ketone and 1 0 g of oil black (commercially availabl from Orient Chemical Co., 
Ltd. , under the trade name of "Oil Black 860") as a hydrophobic dye were added to 28 g of the polymer solution obtained 
in item (1 -1) above, and completely dissolved. Thereto was added 13.6 g of a 1 mol/L aqueous potassium hydroxide 
to neutralize the salt-forming group of the polymer. Two-hundred grams of ion-exchanged water was added to the 
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neutralized solution, and the solution was stirred. Th resulting mixture was dispersed with Microf luidizer (commercially 
available from Microfluidics International Corporation) for 30 minutes. 

[0100] The resulting dispersion was concentrated by removing the organic solvent therefrom at 60°C under reduced 
pressure, and further removing water, , to give an aqueous dispersion of polymer particles containing oil black, the solid 
5 content of which was 20.0% by weight. The average particle diameter of the polymer particles was determined by using 
a COULTER N4 (trade name, commercially available from Coulter, Inc.). As a result, the average particle diameter 
was 82 nm. 



Examples 1 to 4 and Comparative Examples 1 and 2 (Preparation of Water-Based Ink Composition) 

io ' ' " ~ ~ ~ ' ~ " ~~ ~ ' 

[0101] There were mixed 10 g of 2-pyrrolidone, 4 g of glycerol, 8 g of a polyalkoxyaikylene derivative described 
below, 1 g of isopropanol and 47 g of ion-exchanged water. Thereafter, 30 g of the aqueous dispersion of the polymer 
particles containing anionic carbon black obtained in Preparation Example under the item (2-1) was added to the 
resulting liquid mixture with stirring. The resulting mixture was filtered with a membrane filter (commercially available 

15 from Fuji Photo Film Co., Ltd., under the trade name of "Disc Capsule CALC80") having an average pore diameter of 
0.8 u/n, to give a water-based ink composition. 



Examples 5 to 8 



20 [0102] There were mixed 10 g of 2-pyrrolidone, 4 g of glycerol, 4 g of a polyalkoxyaikylene derivative described 
below, 1 g of isopropanol and 51 g of ion-exchanged water. Thereafter, 30 g of the aqueous dispersion of the polymer 
particles containing cationic carbon black obtained in Preparation Example under the item (2-2) was added to the 
resulting liquid mixture with stirring. The resulting mixture was filtered with a membrane filter (commercially available 
from Fuji Photo Film Co., Ltd., under the trade name of "Disc Capsule CALC80") having an average pore diameter of 

25 o.8 ujn, to give a water-based ink composition. 



Example 9 

[0103] The same procedures as in Example 1 were carried out except that 20 g of an aqueous dispersion of a self- 
30 dispersible carbon black (commercially available from Cabot Corporation, under the trade name of "Cabo-Jet 200," 
concentration: 20% by weight) and 1 8 g of a polyalkoxyaikylene derivative described below were used in place of 30 
g of the aqueous dispersion of the polymer particles containing anionic carbon black used in Example 1, to give a 
water-based ink composition. 



35 Example 1 0 

[0104] The same procedures as in Example 1 were carried out except that 30 g of aqueous dispersion of the polymer 
particles containing oil black prepared in item (3) above was used in place of 30 g of the aqueous dispersion of the 
polymer particles containing carbon black used in Example 1 , to give a water-based ink composition. 
40 [0105] In each of Examples and Comparative Examples, the polyalkoxyaikylene derivatives used in the water-based 
ink composition are as follows: 



Example 1 : 
45 Example 2: 
Example 3: 



so 



Example 4: 



55 Exampl 5: 

Example 6: 
Example 7: 



EO/PO Adduct of diglycerol (number of EO units = 18, number of PO units = 2) [com- 
pound of the formula (I)] 

EO/PO Adduct of a-methylglucoslde (number of EO units = 20, number of PO units = 3) 
[compound of the formula (II)] 

6 g of EO Adduct of a-methylglucoside (number of EO units = 25) [compound of the 
formula (Ml)]; and 

2 g of EO Adduct of dipropylene glycol (number of EO units = 22) [compound of the 
formula (IV)] 

4 g of EO Adduct of pentaerythritol (number of EO units = 8) [compound of the formula 
(I)]; and 

4 g of EO Adduct of monophenoxypolyethylene oxide (number of EO units = 23) [com- 
pound of the formula (IV)]; 

EO/PO Adduct f p ntaerythritol (numb r of EO units = 25, number of PO units = 3) 
[compound of the f rmula (I)]; 

EO Adduct of trimethylolpropane (number of EO units = 14) [compound of the f rmula (I)]; 
EO/PO Adduct of D-erythrose (number of EO units = 1 7, number of PO units = 3) [com- 
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pound of th formula (II)]; 

EO Adduct of 1 ,3,5-pentatriol (number of EO units = 20) [compound of the formula (I)]; 
EO Adduct of trlglycerol (number of EO units = 25) [compound of the formula (I)]; 
4 g of EO Adduct of glycerol (number of EO units = 18, number of PO units = 3) [com- 
pound of the formula (I)]; and 

4 g of EO Adduct of monobutoxypoly ethylene oxide (number of EO units = 22) [compound 
of the formula (IV)]; 

no polyalkoxyalkylene derivative was used in the water-based ink composition; 
polyethylene glycol lauryl ether (number of ethylene oxide units = 20, commercially avail- 
able from Kao Corporation under the trade name of "EMULGEN 120") 

[0106] Next, as the physical properties of the water-based ink compositions obtained in each of Examples and Com- 
parative Examples, printed density, printability (discharging stability), water resistance and high-lighter fastness were 
evaluated in accordance with the following methods. The results are shown in Table 1 . 

15 

[Printed Density] 



5 



10 



Example 8; 
Example 9: 
Example 10: 



Comparative Example 1 : 
Comparative Example 2: 



[0107] An inkjet printer (commercially available from Hewlett Packard Co., under the trade name of "DeskJet 720C) 
was filled with a water-based ink composition, and thereafter printing was carried out on plain paper (commercially 
20 available from Xerox Corporation, under the trade name of "Xerox® 4024 DP 201 b. Paper). The printed matter was 
dried at 25°C for 3 hours, and thereafter the printed density was determined by using a Macbeth densitometer (com- 
mercially available from Macbeth Process Measurements Co., under the trade name of "RD918"). 

[Printability (Discharging Stability)] 

25 

[0108] Continuous printing was carried out using the same printer and plain paper as used in the evaluation of Printed 
Density mentioned above, to give 1 0 solid image-printed A4 sheets. Thereafter, a test document including characters, 
solid images and ruled lines was printed, to evaluate printability (discharging stability). The evaluation criteria are as 
follows: 

30 

(Evaluation Criteria) 
[0109] 

35 @ : Satisfactory in all of three items of sharp and clear characters, uniform solid images, and no crookedness of 
printed ruled lines 

O: Almost satisfactory in three items of sharp and clear characters, uniform solid images, and no crookedness of 
printed ruled lines 

A: Unsatisfactory in one of three items of sharp and clear characters, uniform solid images, and no crookedness of 
40 printed ruled lines 

x: Unsatisfactory in at least two items of three items of sharp and clear characters, uniform solid images, and no 
crookedness of printed ruled lines 



[Water Resistance] 

45 

[0110] Solid image printing was carried out by using the printer and the plain paper used In the evaluation of Printed 
Density mentioned above, and dried at 25°C for 1 hour. The printed density of the specified printed portion of the 
obtained sample was determined, and thereafter the printed copy paper was immersed in stand-still water for 1 0 sec- 
onds, and the paper was lifted vertically therefrom. After air-drying the paper at 25°Cfor24 hours, the printed density 
so of the same printed portion as that before immersion was measured, and the residual ratio was determined by the 
following equation: 



55 



[Residual Ratio] = Printed Density After Immersion] 
J [Pnnt d D nsrty B fore Imm rsion] 

The water resistance was evaluated on the basis of the following evaluation criteria: 
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(Evaluation Criteria) 
[0111] 

5 © : Residual ratio being not less than 95% 

O: Residual ratio being not less than 90% and less than 95% 
A: Residual ratio being not less than 70% and less than 90% 
x : Residual ratio being less than 70% 

10 [High. Lighter-Fastness] 

[01 1 2] Text printing was carried out by using the printer and the plain paper used in the evaluation of Printed Density 
mentioned above, and after the plain paper was allowed to stand for 6 hours at 25°C, the extent of staining of the 
printed sample when traced with a commercially available aqueous fluorescent marker (commercially available from 
is PILOT CORPORATION, under the trade name of "Spotliter") was observed with naked eyes, and the evaluation was 
made on the basis of the following evaluation criteria: 

(Evaluation Criteria) 

20 [0113] 

© : No staining such as rubbed stains was observed even when traced with a fluorescent marker. 
O: Some rubbed stains which would cause no problems in practical uses were generated when traced with a fluo- 
rescent marker. 

25 x: Generation of rubbed stains were observed when traced with a fluorescent marker, which was intolerable. 



Table 1 



30 



35 



40 



45 



Ex. No. 


Printed Density 


Printability 


Water Resistance 


High-Lighter Resistance 
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10 


1.40 
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Comp. Ex. No. 


1 


1.32 
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2 


1.12 


X 


A 


© 



50 



[0114] It can be seen from the results shown in Table 1 that each of the water-based ink compositions obtained in 
Examples 1 to 10 has high printed density and shows excellent printability. and that high water resistance and high 
lighter-fastness can be also satisfied when the polymer particles containing a dye or pigment which is not a self- 
dispersible pigment are used. 

[0115] Since the water-based ink composition of the present invention exhibits excellent water resistance and high 
lighter-fastness and high printed density, the water-based ink composition shows excellent printability (discharging 
stability) when the water-based ink composition Is used in a water-based ink for inkjet recording. 



55 



Claim 

1 . A water-based ink composition comprising: 
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(D) an aqueous medium; 

(E) at least one colorant selected from (i) polymer particles comprising a dye or pigment and a water-insoluble 
polymer, and (ii) a self-dispersible pigment; and 

(F) at least one compound A selected from 
a compound represented by the formula (I): 



wherein each of R1, R2, R4 R6 an d F7 is independently hydrogen atom, -C n H 2n+1> or-C n H 2n O(CH 2 CHYO) m H, 
wherein Y is hydrogen atom or methyl group, m is a number of 0 to 20, and n is an integer of 1 to 6,; each of 
R 3 and R 5 is independently a hetero atom, -C n H 2n -, wherein n is as defined above, or a divalent hydrocarbon 
group which may have a hetero atom; each of a, e and I is independently 0 or 1 ; each of b, f and J is inde- 
pendently a number of 0 to 30; each of c, g and k is independently an integer of 1 to 5; and each of d and h 
is independently 0 or 1, with proviso that the total number of -CH2CHYO- units per molecule is 1 to 100; a 
compound represented by the formula (II): 



wherein R 8 Is -(CH 2 CHYO) k -, wherein Y is as defined as above, and k Is a number of 0 to 25; X is hydrogen 
atom, hydroxy! group, 

-CH 2 0(CH 2 CHYO) k H, -0(CH 2 CHYO) k H, or -OM, wherein Y and k are as defined as above, and M is an alkali 
metal atom; and p is an integer of 2 to 7, with proviso that the total number of -CH 2 CHYO- units per molecule 
is 1 to 1 00; and a compound represented by the formula (III): 




c=o 



(CHOR 8 ) p 



01) 



CH 2 OK 



8 




(m) 
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wherein R 9 is hydrogen atom or -C q H 2tHl , wherein q is an integer of 0 to 4; Y is as d fined abov ; each f r, 
s t t and u is independently a number of 0 to 30, with proviso that the total number of -CH 2 CHYO- units per 
molecule is 1 to 100. 

2. The water-based ink composition according to claim 1 , wherein the colorant is polymer particles comprising a dye 
or pigment and a water-insoluble polymer. 

3. The water-based ink composition according to claim 1 or 2, wherein the compound A has a surface tension of 40 
to 70 mN/m. 

4. The water-based ink composition according to any one of claims 1 to 3, wherein the content of the compound A 
is 0.1 to 50% by weight. 

5. The water-based ink composition according to any one of claims 1 to 4, wherein the water-based ink composition 
75 comprises at least one compound B selected from 

a compound represented by the formula (IV): 



10 
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25 
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R 10 O-(CH 2 CHYO) v -H (IV) 

wherein Y is as defined above; R 10 is hydrogen atom, or a saturated or unsaturated monovalent hydrocarbon 
group having 1 to 8 carbon atoms which may have a hetero atom; and v is a number of 1 to 100; a compound 
represented by the formula (V): 

H(OCHYCH 2 ) w -0-R 11 0-(CH 2 CHYO) x -H (V) 



wherein Y is as defined above; R1 is C y H 2y+1 or a saturated or unsaturated divalent hydrocarbon group having 3 
to 10 carbon atoms which may have a hetero atom, wherein y is an integer of 3 to 10; and each of w and x is 
30 independently a number of 1 to 99, with proviso that the total number of -CH 2 CHYO- units per molecule is 2 to 

100; and a compound represented by the formula (VI): 



R 12 -(OCHYCH 2 ) w -0-R 1 1 0-(CH 2 CHYO) x -H (VI) 

wherein R 11 , Y, w and x are as defined above; and R 12 is a saturated or unsaturated monovalent hydrocarbon 
group having 1 to 8 carbon atoms which may have a hetero atom, with proviso that the total number of -CH 2 CHYO- 
units per molecule is 1 to 100. 

40 6. The water-based ink composition according to any one of claims 1 to 5, wherein the compound B has a surface 
tension of 40 to 70 mN/m. 

7. The water-based ink composition according to any one of claims 1 to 6, wherein the content of the compound B 
is 0.1 to 50% by weight. 



8. The water-based ink composition according to any one of claims 1 to 7, wherein he water-insoluble polymer com- 
prises an aqueous dispersion of vinyl polymer particles comprising a pigment and a vinyl polymer prepared by 
copolymerizing a monomer mixture comprising (a) a monomer having a salt-forming group, (b) a macromer and 
(c) a monomer copolymerizable with the monomer having a salt-forming group and the macromer. 

9. The water-based ink composition according to claim 8, wherein the monomer mixture further comprises at least 
one monomer selected from 

(d) a hydroxyl group-containing monomer, and (e) a monomer represented by the formula (VII): 

CH 2 C = C(R 13 )COO(R 14 0) p1 R 15 (VII) 



4SDOCID: <EP 1 1 5B030A2 J_> 
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wherein R 1 ^ is hydrogen atom or methyl group; R 14 is a divalent hydrocarbon group having 1 to 30 carbon atoms 
which may have a hetero atom; R 15 Is hydrogen atom or a monovalent hydrocarbon group having 1 to 30 carbon 
atoms which may have a hetero atom; and p1 is an integer of 1 to 60. 
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